There are two mechanisms for genetic exchange in Neisseria gonorrhoeae. Plasmid deoxyribonucleic acid can be transferred by conjugation, which is dependent on the presence of a 24.5-megadalton plasmid in the donor cell. We have shown that chromosomal deoxyribonucleic acid can be exchanged between all colonial variants by transformation, but not by conjugation. In the nonpiliated variants, however, this exchange was dependent on the presence of the 24.5-megadalton plasmid in the recipient cell.
Advances in gonococcal research have been hampered by the lack of a well-defined genetic system in Neisseria gonorrhoeae. Until recently, transformation was the only method available for genetic analyses, and therefore all genetic studies have been restricted to the piliated colonial variants (Ti and T2 colony types), as these are the only variants that are competent in transformation (11, 13) . Competence appears to be constitutive, stable under a variety of different growth conditions, and not dependent on soluble factors for its induction (13) . The information from this system has resulted in a genetic map of a cluster of genes mainly of antibiotic resistance markers, which is confined to approximately 2% of the chromosome (13) .
Recently, a conjugation system has been reported in N. gonorrhoeae. Strains which carry a 24.5-megadalton (Mdal) plasmid have been shown to mobilize the 4.4-Mdal penicillin resistance plasmid to penicillin-sensitive recipients (2, 7, 10) . In addition, this plasmid has also been reported to mediate DNase-resistant transfer of chromosomal genetic material (8) , although others have been unable to demonstrate plasmidmediated transfer of chromosomal markers in the presence of DNase (10) . This system of genetic transfer appears to be unusual in that the phenomenon of surface exclusion does not appear to be in operation (8) . It is not known whether the efficiency of this plasmid-mediated genetic exchange is dependent on the colony type of the donor or that of the recipient, or both.
N. gonorrhoeae is a genetically diverse organism (1, 12) . We were interested in determining whether genetic exchange mechanisms contribute to this diversity. Of particular interest is the relative contribution of the different processes to the total genetic exchange observed in mixed cultures. In addition, the influence of colony type on the total genetic exchange observed needs to be determined in order to assess the significance of these mechanisms for the diversity displayed by N. gonorrhoeae.
( Media and growth conditions. The solid medium used was GC medium base (Difco) supplemented with 1% (vol/vol) Kellogg supplement (4). When antibiotic resistance was selected, 10 ug of rifampin (Rif), 100 ug of streptomycin (Str), 100 jug of trimethoprim (Trim), 1 jAg of penicillin G (PenG), or 10 ug of nalidixic acid (Nal) per ml was added to the plates. Plates were incubated at 370C in 6% CO2. The liquid medium was identical to the solid medium, except that agar was omitted and 10 mM NaHCO was added. Growth was followed in a Klett-Summerson photometer (red filter).
Chemicals. DNase (chromatographically prepared), streptomycin, rifampin, nalidixic acid, and trimethoprim were purchased from Sigma Chemicals, St. Louis, Mo. Penicillin G was obtained from AB Astra, Sodertlilje. The chemicals used in the buffers and the ethidium bromide were from Sigma Chemicals.
Colony morphology. The colony types were defined as described in the accompanying paper (6). and 10i "recipient" cells (from plates incubated for 20 h) were mixed and collected on a membrane filter (Millipore or Bio-Rad, 0.2 pm). The filters were placed on GC medium plates and incubated for 4 h at 370C and in 6% C02. After incubation the filters were shaken briefly in the buffer described above. Samples from this solution were spread on selective plates and, for viable count determination, on GC plates. In each experiment the donor and the recipient were incubated on separate filters, and the spontaneous mutation frequencies for the markers used were measured. The mutation frequencies were less than 10-l. The purity of the donor and recipient cells was checked by simultaneous plating on GC plates. When a culture supernatant was used as the source of DNA, 1 ml of a sterile supernatant was flooded over the cells, after the filter had been transferred to a plate. The supernatant was prepared by centrifuging (5,000 x g, 15 min) a bacterial suspension in the buffer described above. The supernatant was left in +40C for at least 24 h. After a second centrifugation, the sterility was tested and the supernatant was used. Genetic transfer experiments were also performed in the presence of DNase. After the filter was placed on a plate, 1 ml of a DNase solution (50 ug/ml) was flooded over the cells. We have shown that at this concentration DNase is still active after 4 h of incubation at 370C (6) .
RESULTS
We were interested in resolving the discrepancies that have arisen over whether plasmidmediated chromosomal transfer occurs in gonococci. The results of an initial conjugation experiment between two different T4 variants are shown in Table 2 An experiment designed to test these possibilities is shown in Table 3 . In the nonpiliated variants (T3 and T4) recombinants are formed at a low frequency, but this process is clearly DNase sensitive. Furthermore, it is quite clearly dependent on the presence of a 24.5-Mdal plasmid in the mating mixture. The DNase sensitivity distinguishes this mechanism from conjugation, as defined above. In addition, the fact that it is dependent on the presence of the 24.5-Mdal plasmid distinguishes it from transfonnation as it is usually defined. The frequency of recombinant formation does not differ significantly between the T3 and T4 colonial variants.
As can also be seen in Table 3 , the piliated (T2) strains can form recombinants at a relatively high frequency (when compared with nonpiliated strains). This process is DNase sensitive, but in contrast to that seen in the nonpiliated variants, it does not depend on the presence of the 24.5-Mdal plasmid. Thus, it appears that the major part of the genetic exchange seen in the piliated variants occurs by transformation as it is classically described. In confirmation of this suggestion, if a sterile supernatant from a UmO3 Ti culture was added to liquid cultures of differ-J. BACrERIOL. ent colonial variants, a high frequency of recombinant formation was observed (Table 4) when UmO4 T2 cells were used as recipients. Such supernatants contain approximately 2 ,ug of DNA per ml (data not shown). When UmO4 T3 or T4 cells were used as recipients, however, no transfornation was observed. Sterile culture supernatants from strains lacking the 24.5-Mdal plasmid (e.g., UmO2) were equally effective in producing recombinants in UmO4 when mixed with T2 recipients, but not when mixed with T3 or T4 recipients (data not shown). Addition of DNase to the supernatant effectively inhibited formation of recombinants (data not shown).
The results shown in Table 5 demonstrate that it is not possible to determine whether plasmid-mediated genetic exchange as well as classical transformation are operating in the piliated colonial variants. When UmO3 T2 cells (which carry the 24.5-Mdal plasmid) were used as presumptive donors with recipients of different colony types, the result was always the same; independent of the colony type of the recipient, the majority of the recombinants were T2 colo- "82% of the donor colonies were T2 colonies of strain UmO3, which carries the 24.5-Mdal plasmid.
b The T3 recipient culture contained 94% T3 colonies. The T4 culture was 98% T4, and T2 was 85% T2 variants. All colony variants were of strain UmO4, which carries only the 2.6-Mdal plasmid.
'Calculated as number of recombinants per recipient.
nies. 7. When an experiment is performed using two strains of the same colony type, the transfer of a chromosomal marker (rifn) from strain UmO5, which lacks the 24.5-Mdal plasmid, to strain UmO3, which carries the plasmd, is much more efficient than the transfer of material (i.e., nal) in the opposite direction. It should be emphasized that in Table 7 the results are expressed as recombinants per ultimate recipient, whereas in Table 7 demonstrate that strains carrying this plasmid are reasonably efficient recipients when compared with strains lacking this plasmid (see Table 4 ). This recombinant formation appears to be due specifically to the presence of DNA in the culture supematant. The data shown in Table 8 demonstrate that dilution of the supernatant in buffer resulted in a decrease in recombinant formation. Furthermore, the recombinant formation is clearly sensitive to the presence of DNase.
It should be noted here that several strains which carry the 24.5-Mdal plasmid seem to be unstable in their recipient ability. When UmO3, for example, was maintained for several weeks by daily restreaking, it lost the ability to act as a recipient. When this strain was checked, it appeared to have lost the 24.5-Mdal plasmid (data not shown). Stocks of the same strain that had been frozen for this period had maintained their recipient ability.
DISCUSSION
We have confirmed the results of others (2, 7, 10) who have shown that the presence of the 24.5-Mdal plasmid allows a cell to donate the 4.4-Mdal fi-lactamase-producing plasmid to a recipient population by a process that appears to be conjugation.
In addition to conjugation, there appears to be an efficient DNase-sensitive mechanism for recombinant formation in all colonial variants. In the piliated variants, the majority of the recombinants observed seem to be the result of the transformation process described by others (9, 13) . In the nonpiliated variants, where transformation nornally appears to be extremely inefficient, recombinant formation can nevertheless be observed, but only when the recipient cell carries the 24.5-Mdal plasmid. Apart from its dependence on the presence of this plasmid, this process meets the criteria for transformation: it is DNase sensitive and can occur in the absence of intact donor cells. We interpret the low frequency oftransformation occasionally observed in the presence of DNase (e.g., see Tables  2 and 3 b The source of this DNA was a supernatant from strain UmO4 T4 Rifr.
UmO3 carries the 2.6-and 24. Table  7 , for example) seem to argue that even if the large plasmid is transferred to the recipient, it does not become competent for transformation within the time period used in our experiments (4 h). Sox et al. (10) , however, have shown that 24.5-Mdal plasmids from different sources are transferred with differing efficiencies, and it is possible that different strains differ in their ability to act as recipients.
In several experiments we have noticed that the frequency of formation of Nalr Rifr recombinants is consistently higher than the frequency for Strr Rifr recombinants (e.g., see Tables 4 and  6 ). We interpret this result as showing that the strr and rifr markers are more closely linked than the nalr and rifr markers.
The mechanisms by which the 24.5-Mdal plasmid simultaneously enables a cell to donate plasmid DNA and become competent as a recipient in transformation are unknown but are presently under investigation in this laboratory. One intriguing possibility is that incoming DNA must be "processed" in some way before it can be successfully integrated and expressed in the recipient cell. The 24.5-Mdal plasmid could then perhaps substitute a processing capacity for that normally present in piliated cells but absent in nonpiliated variants. In this respect, it will be interesting to ascertain whether there are any differences in the efficiency of plasmid-mediated transformation (as opposed to pili-mediated transformation) with respect to the state of the donor DNA, i.e., whether it is circular, linear, or single or double stranded.
